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SPECIFICATION 

ELECTROSTATIC CHUCK FOR SUBSTRATE STAGE, ELECTRODE USED 
FOR THE CHUCK, AND TREATING SYSTEM HAVING THE CHUCK AND THE 
ELECTRODE 
[ TECHNICAL FIELD] 

The present invention relates to an electrostatic chuck 
for a substrate stage used in plasma treatment of various 
substrates such as a large-sized glass substrate for a flat 
panel display (FPD) , a semiconductor wafer or the like, an 
electrode used for the chuck, and a treating system having the 
chuck and the electrode. 
[ BACKGROUND ART] 
[ 0002] 

A substrate stage is used in a plasma treatment apparatus 
for various substrates (hereinafter also referred to 
generically as substrate simply) such as a glass substrate for 
FPD, a semiconductor wafer, etc. In the background art, for 
example, an electrostatic chuck for attracting a wafer by use 
of an electric Coulomb force is used as the substrate stage. 
In addition, as for the structure of the electrostatic chuck, 
a mono-pole type and a bi-pole type are used. In the mono-pole 
type, a potential difference is provided between an electrode 



inside the electrostatic chuck and a substrate so as to attract 
the substrate. In the bi-pole type, an electrode is divided 
into two or more pieces inside the electrostatic chuck, and 
a positive or negative potential to the ground is applied to 
each piece so as to attract a substrate. 

Particularly in some kind of electrostatic chuck for a 
glass substrate, a pair of semicircular , ring-like or concentric 
plane electrodes are used and an electric potential difference 
is applied between the plane electrodes so as to 
electrostatically attract the substrate. This electrostatic 
chuck is constituted by an inner electrode, an insulating film 
and a ring-like outer electrode outside the inner electrode, 
and further an insulating film (dielectric film) for 
electrostatic attraction . 

Inside the inner electrode, a coolant channel is formed 
while a ring-like concave portion is, for example, formed to 
form the outer electrode in the upper surface. 

In addition, the inner electrode is produced out of a 
conductive material such as an aluminum alloy or the like, and 
an insulating material coating this conductive material and 
a ring electrode. That is, the outer electrode formed out of 
a conductive material such as tungsten or the like is provided 
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like a ring on the concave portion of the upper surface of the 
inner electrode through an insulating film formed out of a 
multi-layer thermally sprayed film (alumina in this case) . 
This insulating film is located between the inner electrode 
and the ring-like outer electrode so as to secure electrostatic 
insulation between the two electrodes . Further, an insulating 
film composed of a thermally sprayed film (alumina in this case) 
may be formed on the surfaces of the inner electrode and the 
ring-like outer electrode (e.g. see JP-A-10-150100, pp. 5-6, 
paragraph [ 0021] , and Figs. 1 and 2) , or a so-called comb-like 
electrode is usedas an electrode shape (e.g. see JP-A-11-354504 , 
pp. 9-10, paragraph [0049], and Fig. 1(c)). 
[ Disclosure of the Invention] 
[ Problems that the Invention is to Solve] 

However, in such an electrostatic chuck for a substrate 
stage used in a background-art plasma treatment apparatus and 
such an electrode used for the chuck, an integrated plane 
electrode in a ring-like, semicircular or concentric shape_ 
covered with multi-layer thermally sprayed film is used. 
Accordingly, when a part of the electrode is damaged, the 
electrode as a whole has to be replaced and repaired. In addition, 
since the thermally sprayed film applied to the electrode is 



multilayered, the reliability is extremely low when a substrate 
to be treated becomes large in size and is used in 
high-temperature conditions. Further, the electrode has an 
integrated structure (single electrode) or is simply divided 
into two or three. Accordingly, dedicated equipment is 
required to increase the scale of a plant for production. 
Accordingly, there has been a tendency that the manufacturing 
cost of the electrode is increased, and the delivery of the 
electrode as a product is delayed. 

In order to solve the aforementioned problems belonging 
to the electrostatic chuck for a substrate stage used in the 
background-art plasma treatment apparatus, it is therefore an 
object of the present invention to provide an electrostatic 
chuck and an electrode for a substrate both high in reliability 
and easy to produce, and a treating system having the chuck 
and the electrode. 
[ Means for Solving the Problems] 

The present invention is characterized in that an 
electrode for use in an electrostatic chuck is divided into 
a plurality of electrodes formed into nearly bar-like shapes, 
and each of the divided bar-like electrodes is constituted by 
an inner electrode and a single layer thermally sprayed film 
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formed on the surface of the inner electrode, while these 
bar-like electrodes are disposed in parallel so as to form a 
plane electrode. 

[ Brief Description of the Drawings] 

Fig. 1 is a conceptual configuration view showing a 
function in each treatment position of a plasma treatment 
apparatus in which an electrostatic chuck for a substrate stage 
according to the present invention is used. Figs. 2 are 
explanatory views of a main portion structure and a substrate 
release operation of the electrostatic chuck for a substrate 
stage according to the present invention, Fig. 2(a) being a 
longitudinally sectional view showing a state where a substrate 
has been mounted on the electrostatic chuck for a substrate 
stage, Fig. 2 (b) being a longitudinally sectional view showing 
a state where lift pins have been moved up for the purpose of 
releasing the substrate mounted on the electrostatic chuck for 
a substrate stage so that the substrate is released from an 
attraction surface of the electrostatic chuck, and mounted on 
a transfer fork. Figs. 3 are sectional views of electrodes 
for use in the electrostatic chuck for a substrate stage 
according to the present invention, Fig. 3(a) showing square 
electrodes, Fig. 3(b) showing rectangular electrodes , Fig. 3(c) 
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showing electrodes formed into stepped shapes , Fig. 3(d) showing 
electrodes like roofing tiles, Fig. 3(e) showing electrodes 
different in width. Fig. 4 is a plan view showing an embodiment 
of the electrostatic chuck for a substrate stage according to 
the present invention shown in Figs. 2, and showing a state 
where electrodes to be used in the electrostatic chuck are 
arranged in parallel like strips on a frame. Fig. 5 is a 
conceptual view showing a state where a substrate has been 
attracted by the electrostatic chuck for a substrate stage 
according to the present invention. Figs. 6 are conceptual 
diagrams showing methods for wiring to the electrodes of the 
electrostatic chuck for a substrate stage according to the 
present invention, Fig. 6(a) showing wiring with different 
polarity A and B, Fig. 6(b) showing wiring changeable the 
polarity over to positive r negative. Figs. 7 are schematic 
views showing principles that a substrate can be attracted by 
the electrostatic chuck for a substrate stage, Fig. 7(a) showing 
a state where a substrate has been attracted on an electrode 
surface due to a Coulomb force under the presence of plasma 
by use of a conventional mono-pole electrode according to a 
background-art technique, Fig. 7(b) showing a state where a 
substrate has been attracted on an electrode surface by use 
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of a bi-pole electrode but without the presence of plasma in 
the electrostatic chuck for a substrate stage according to the 
present invention, Fig. 7 (c) showing a state where a substrate 
stage according to the present invention has been attracted 
under the presence of plasma by use of a mono-pole electrode. 
Figs- 8 are graphs each showing a temporal change of a residual 
attraction force of the electrodes of the electrostatic chuck 
for a substrate stage, Fig. 8 (a) showing a case where the power 
supply pins are released after the power supply is turned off, 
Fig. 8(b) showing a case where the power supply pins are released 
with the power supply being left on. 
[ Best Mode for Carrying Out the Invention] 

Embodiments of an electrostatic chuck for a substrate 
stage, an electrode used for the chuck, and a treating system 
having the chuck and the electrode according to the present 
invention will be described below in detail with reference to 
the accompanying drawings. 

Plasma Treatment Apparatus 

A plasma treatment apparatus 1 in which an electrostatic 
chuck for a substrate stage according to the present invention 
is used is designed to perform continuous conveyance treatments, 
that is, in-line treatments upon a substrate G (e.g. glass 
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substrate) - Various in-line treatments are performed while 
a substrate stage 9 mounted with the substrate G is conveyed 
to positions 9b, 9c, 9d, 9e and 9f in zones A to D successively 
in that order in a transfer direction by an endless substrate 
conveyance mechanism 8 having a return loop. The zone A is 
a substrate transfer /preheating/attraction zone provided with 
a heating unit 20. The zone B is a heating zone. The zone C 
is a film-forming or etching zone having a plasma unit 7. The 
zone D is a cooling/release-transfer zone having a cooling unit 
31. 

In a return path, the substrate stage 9 returns to the 
initial transfer zone A while being cooled or heated by another 
cooling unit 32 or another heating unit provided in a bottom 
portion of the plasma treatment apparatus 1. In the transfer 
zone A, the substrate G is transferred by a conventional transfer 
mechanism from a pre-step (e.g. wet cleaning step) to the 
substrate stage 9, preheated and attracted to the electrostatic 
chuck supplied with electric power. 

Further, in the film-forming (or etching) zone C, 
narrow-line shaped plasma is formed using electromagnetic waves 
by the plasma unit 7 (narrow-line shaped plasma unit having 
seven plasma heads by way of example) , so as to perform a CVD 
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film-forming (or etching) treatment upon the surface of the 
substrate G at a process temperature of about 250-300°C while 
the surface of the substrate G is kept horizontal with respect 
to the narrow-line shaped plasma and the relative position of 
the substrate G to the plasma is continuously moved. In this 
event, about ±5°C is allowed in the temperature distribution 
on the substrate G. Then, the substrate G subjected to the 
plasma treatment is cooled in the cooling/transfer zone D, 
released from the electrostatic chuck and transferred to the 
next step by a conventional transfer mechanism such as a transfer 
robot or the like . Incidentally, carrying-out of the substrate 
subjected to the plasma treatment may be performed on the 
carrying-in side. 

Due to such an apparatus configuration, plasma treatment 
can be performed, for example, fast enough to treat 60 glass 
substrates measuring 1,100 mm by 1,300 mm per hour. 
Electrostatic Chuck for Substrate Stage 
An electrostatic chuck 10 for a substrate stage for 
attracting and retaining the substrate G according to the present 
invention has a frame 41 with stepped portions 41b on the inner 
sides. A front wheel roller 21 and a rear wheel, roller 22 are 
attached to a lower portion of the frame 41. As shown in Fig. 
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2(a), front wheels and rear wheels are engaged with a front 
wheel guide rail 11 and a rear wheel guide rail 12 provided 
in the frame of the treatment apparatus. In addition, guide 
pieces 4 4 suspended from the substrate stage 9 are guided by 
guide piece bearers (V-grooved rails) 45 fixedly provided on 
the frame of the treatment apparatus. Thus, the electrostatic 
chuck 10 is transported. For example, the substrate G to be 
attracted by this electrostatic chuck 10 is a large-sized glass 
substrate for FPD. For example, the glass substrate measures 
1,100 mm by 1,300 mm and has a thickness of about 0.63-0.70 
mm. Therefore, the electrostatic chuck 10 has to have a - 
large-sized substrate attraction surface fit to this size (for 
example, measuring 1,120 mm by 1,300 mm). 

To this end, in the electrostatic chuck 10 according to 
the present invention, differently from the background-art 
electrostatic chuck, an electrode to be used is divided into 
a plurality of bar-like electrodes 40 (for example, divided 
into ten) each composed of a square material about 1,120 mm 
long and about 40 mm wide, or a bar-like piece having a sectional 
shape which will be described later. 

Then, in the electrodes 40 of the electrostatic chuck 
10 according to the present invention, as shown in Figs. 3, 
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powder of highly pure ceramics (e.g.Al203) is melted and sprayed 
to be about 300-400 |J.m thick on the whole surfaces (including 
the front, rear and end faces) of base materials 40a (e.g. 
metal-ceramics composite materials or highly pure isotropic 
graphite materials) having high thermal conductivity and low 
thermal expansivity, by a vacuum spray deposit method. The 
ceramics thermally sprayed as a single layer is solidified to 
form a thermally sprayed film (insulating film) 40b for 
electrostatic attraction. Due to this insulating film, an 
electric circuit for electrostatic attraction can be formed, 
and occurrence of damage or the like caused by film-forming 
gas, etching gas, cleaning gas such as NF 3 or the like can be 
avoided. 

Here, as for the shapes of the base materials forming 
the electrodes 40, the sectional shapes of the base materials 
40a may be formed into squares as shown in Fig. 3(a), or the 
sectional shapes may be formed into wide rectangles as shown 
in Fig. 3 (b) , or the sectional shapes may be formed into stepped 
shape as shown in Fig. 3(c) . In any one of the aforementioned 
shapes highly pure ceramics may be thermally sprayed to form 
a single layer thermally sprayed film 40b on the surfaces of 
the base materials 40a is formed In the stepped shapes 



aforementioned the heat radiation from the heating heater is 
blocked by the stepped shapes so that the uniformity of the 
temperature distribution in the substrate G is improved. 
Alternatively, suitable surfaces of the base materials of the 
electrodes 40 may be hollowed to lighten the electrodes 40. 
Further, as shown in Fig. 3(d), the sectional shapes of the 
base materials 40 may be formed like roofing tiles each of which 
has a curved convex portion on one side and a curved concave 
portion on the other side. In this case, the electrodes are 
disposed to secure a predetermined clearance g between the convex 
portion of one electrode and the concave portion of another 
adjacent electrode. Alternatively, as shown in Fig. 3(e), the 
electrodes 40 may be formed out of base materials 40a different 
in width. 

Then, for example, an electrode support frame 41 like 
a picture frame is fixedly attached to a stage frame 42 (made 
of a low thermal expansion metal material such as SUS430, 42 
alloy) of the substrate stage 9. The bar-like (sectionally 
square, rectangular, stepped or roof ing-tile-like ) electrodes 
40 in which a thermally sprayed film 40b of highly pure ceramics 
is formed on the surface of each base material 40a arranged 
in the aforementioned manner are disposed so that the electrodes 
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40 with stepped portions 40e (see Fig. 2 (a) ) in their opposite 
ends bridge between the opposite stepped portions 41b of the 
support frame 41 as shown in Fig . 4. For example, ten electrodes 

40 are mounted in parallel so as to secure a clearance £ (e.g. 
about 2 mm) between the electrodes 40 and 40. The clearance 
2 is an empty space. In this event, the stepped portions 40e 
of the electrodes 40 are fixed onto the stepped portions 41b 
of the support frame 4 1 by clamps (not shown) having a flexibility 
in the longitudinal direction. Here, a heat shield plate 43 
is disposed between the heating unit 20 (e.g. far infrared 
heater) fixed under the electrodes 4 0 and the support frame 

41 so as to block heat radiation from the heating unit 20 to 
any other member than the electrodes 40. 

After that, in the transfer zone A, the substrate G is 
attracted to the electrode 40 surfaces as soon as power is 
supplied to the electrostatic chuck 40 by a power supply device 
(not shown) . When the substrate G is to be released, static 
electricity is eliminated from the electrodes 40 by a 
conventional means, and then, for example, four lift pins 51 
penetrating the substrate stage 9 so as to extend out thereon 
are moved up by an elevating mechanism (not shown) so as to 
release the substrate G from the electrodes 40, as shown in 



Fig. 2 (b) . 

Here, although the electrodes 40 are mounted in parallel 
on the electrode support frame 41, a plurality of electrodes 
40 may be disposed thereon with an upper surface of the substrate 
stage 9 to be formed flat, for example, along the edge portion 
of the substrate G or like bricks in desired places with a 
clearance (gap) £ between adjacent ones of the electrodes 40. 
In any one of these ways to dispose the electrodes 40, the 
substrate G (e.g. glass substrate) is attracted onto the upper 
surfaces of the electrodes 40 perfectly. 

In any one of the aforementioned dispositions of the 
electrodes 40, adjacent electrodes 40 and 40 are separated by 
the clearance (gap or space) g;. Accordingly, insulation 
between the electrodes 40 and 40 is secured perfectly so that 
abnormal discharge (lateral discharge) between adjacent 
electrodes is prevented. Thus, electric charges are not 
extinguished, so that the attraction state is kept. 

Next, description will be made on the method for supplying 
power to the electrostatic chuck 10 for a substrate stage 
according to the present invention. 

First, for example, as shown in Fig. 5, a plurality of 
electrodes 40 are disposed to form a gap <j between adjacent 
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electrodes 40 and 40, and the substrate G is disposed thereon. 
Then, as shown in Figs. 6, the electrodes 40 and 40 are wired 
individually (as shown in Fig. 6(a) or as shown in Fig. 6(b) ) . 
Then, in the wiring of Fig. 6 (a) , as shown in Table 1, a positive 
(+) or negative (-) potential to the ground is applied to change 
over a mono-pole or a bi-pole connected to each terminal. 

In the example of wiring in Fig. 6(b), a positive or 
negative potential to the ground is applied. Thus, the 
electrodes form mono-polar. 

Here, the principles of attraction of the glass substrate 
G in the electrostatic chuck for a substrate stage according 
to the present invention will be described. 

As shown in Fig. 7(a), according to the background-art 
method, when a current is applied to an electrode 40 using a 
normal mono-pole under the presence of plasma, the surface of 
the glass substrate G is charged with negative electrons from 
the plasma. Thus, a Coulomb force is generated to attract the 
glass substrate G onto the electrode 40 surface. 

Fig. 7(c) according to the present invention, shows an 
example of a mono-pole type in which attraction is attained 
through plasma in the same manner as in the background-art method . 
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Further, Fig. 7(b) shows an example of a bi-pole type in which 
attraction is attained without intermediary of plasma. 

The glass substrate G is generally of a high resistant 
material at a room temperature. However, when a high voltage 
is applied for a moment, the glass substrate is polarized near 
the surface thereof so that an attraction force is generated. 
In addition, when resistance of the glass substrate is reduced 
in high temperature so that the glass substrate exhibits 
conductivity so as to be polarized, an attraction force is 
generated. 

Particularly in the electrostatic chuck for a substrate 
stage for use in the plasma treatment apparatus according to 
the present invention, power is supplied to the electrodes 40 
by a power supply means on the substrate stage 9 in the zone 
A shown in Fig. 1 The power supply pins (not shown) are detached 
from the electrodes 40 with the power being left on, just before 
the substrate G is transported to 9b, 9c and 9d. Accordingly, 
as shown in Fig. 8(b), insulation secured between adjacent 
electrodes 40 and 40 prevents charges from escaping, as compared 
with the case where the electrodes are turned off with the power 
supply pins in connection thereto (see Fig. 8(a)) . Thus, the 
residual attraction force can be kept for a considerable time, 



so that the substrate can be retained in the attraction state. 
As a result , plasma treatment can be performed on the substrate 
G attracted onto the electrostatic chuck perfectly, till the 
substrate G is thrust up by the lift pins 51 and released by 
a robot arm 50 or the like in the cooling/release/transfer zone 
D after the plasma treatment . Particularly, here, the residual 
attraction force can be increased by increasing the applied 
voltage and increasing the number of divided electrodes. 
[ Effect of the Invention] 

In an electrostatic chuck for a substrate stage, an 
electrode used for the chuck, and a treating system having the 
chuck and the electrode according to the present invention, 
highly pure ceramic is thermally sprayed to form a single layer 
on electrode materials of bar-like inner electrodes divided 
into a plurality of pieces, so as to form electrodes for the 
electrostatic chuck. Accordingly, high reliability can be 
obtained. In addition, when a plurality of these electrodes 
are disposed in parallel, the electrodes can be disposed 
desirably in the width direction thereof. Further, since the 
electrodes are divided into several electrodes, a part of the 
electrodes can be replaced and repaired when the electrodes 
are damaged. Thus, it is possible to deal with large-scaled 
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substrates. Since each individual electrode does not have a 
large area, it is easy to convey and handle the electrode. In 
addition, the types of electrostatic chuck can be changed over 
to bi-pole type or mono-pole type in accordance with the way 
of wiring to the electrodes. Further, the electrodes can be 
manufactured at a lower price and in a shorter time than in 
the background art. 
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